
R
escuing a stalled cleaning pig isn’t usually on the pre-
pipeline isolation to-do list. After all, most pigs travel 
through pipelines without a hitch, doing their job of 
improving throughput across thousands of miles of line 

each day. So, when a third-party vendor’s bi-directional (Bi-Di) 
cleaning pig stalled in the production tee of a 28 in. natural gas 
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export pipeline offshore southeast Asia, it came as a surprise to 
the operator. 

Although the pig wasn’t entirely obstructing product flow, 
the operator was worried that inline conditions could increase 
both pressure and bypass. If that happened, it could push the pig 
further into the pipeline and create a blockage that could shut 
down production for days if not weeks. With gas export pipelines 
like this one transporting millions of dollars in product every day, 
the operator was highly motivated to avoid that possibility. 

A potential service interruption wasn’t the only urgent 
reason for extracting the stalled pig, however. The operator 
had discovered that two pig trap valves on the platform were 

internally leaking, meaning they didn’t seal completely. The 
company was understandably eager to get them replaced. 

Replacing leaking valves is not uncommon, but it requires 
creating a safe work zone first. And that means the operator must 
make a choice that can affect production, downtime and the 
environment. Either they can blow down the entire pipeline to 
make it hydrocarbon-free, or use inline methods to isolate just the 
section where the work will take place.

Considering that depressurising the entire 300 km (186 miles) 
pipeline would result in something like 300 million ft3 of 
inventory loss through flaring and would add a week to the 
turnaround time, it hardly seemed like a viable option to the 
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operator. Knowing that T.D. Williamson (TDW) SmartPlug® 
technology had been proven in offshore operations made their 
decision to go with inline isolation even easier. 

Of course, before TDW could even think about isolating the 
pipeline, the third-party stalled pig had to come out, or it would 
prevent them from pigging the SmartPlug tool to the set position. 
And before TDW could rescue the pig, they had to do two things: 
figure out why it stalled in the first place, and develop a bespoke 
recovery tool.

First things first
Recovering a stalled pig isn’t like getting a clog out of a drain – it 
can be a complex undertaking depending on where the pig has 
become stuck in the pipeline. 

The most commonly used pig-rescue solutions involve 
blowing down the entire pipeline, something everyone in 
this case wanted to avoid. Instead, the technical experts at 
the TDW Global Center of Excellence in Stavanger, Norway, 
designed, manufactured, tested and mobilised a 100% 
engineered to order application-specific solution they could 
perform without the operator having to flare the entire 
gas contents of the pipeline, which would have generated 
significant amounts of CO2 emissions. 

The first step, though, was determining why the third-party 
pig became stuck. As TDW Project Manager, Stephanie Craig 
explained, knowing what caused the pig to stall was necessary 
not just for removing it. The answer would provide insight into 
a long-term solution related to future pigging operations. TDW 

engineers discovered the problem could be traced back to 
incompatibility with the pipeline system.

“To be fair, both the operator and the original pigging 
service provider expected there would be a considerable 
amount of debris in the pipeline for the Bi-Di pig to sweep 
out – so much so, in fact, that the buildup could cause the 
pig to stall unless certain precautions were taken,” Craig 
said. “To try to prevent the pig from stalling, they had built 
bypass into the pig by drilling holes in its body. The idea 
was that the holes would allow a portion of the gas to flow 
through the pig, creating turbulence ahead of it that would 
either flush out the debris or at least make it easier for the 
pig to remove.”  

Unfortunately, these good intentions contributed 
to the stall. Designing a pig with bypass can be tricky: 
there needs to be enough bypass to create turbulent 
flow in front of the pig, but not so much that it reduces 
the differential pressure driving the pig. In this case, the 
Bi-Di pig allowed a relatively large volume of gas to flow 
through it, meaning it had less differential pressure behind 
it. At the same time, its heavy polyurethane disc stack-up 
required more differential pressure to move it compared to 
a conventional Bi-Di pig. In short, the design simultaneously 
demanded more pressure but produced less. To complicate 
things even more, as the pig entered the barred production 
tee, a segment of the discs partly disengaged the seal, 
creating additional bypass. In the end, there simply wasn’t 
enough drive on the discs to push the pig any farther.

An engineered solution
With time ticking away on their much-needed valve 
replacement project, the operator considered multiple 
alternatives for recovering the stalled pig. Among them was 
the possibility of using another Bi-Di pig to push it back 
to the onshore receiver. However, the project team was 

Figure 1. SmartPlug® double block and monitor system.

Figure 2. Third-party bi-directional (Bi-Di) pig stuck in the barred 
production tee.

Figure 3. Effect of bypass on debris: without jetting head or bypass (left); with jetting head or bypass (right).
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concerned that the pig would get stuck as it tried to traverse the 
many bends between the pipeline and the platform riser. Trying 
to rescue it further down the line would require a challenging 
subsea operation. 

For TDW, it had become clear there was only one way 
to safely recover the pig without blowing down the pipeline: 
they would have to pull the pig back to the launcher. Of 
course, since situations like this are exceedingly rare, there’s 
no standard recovery tool on the market. Instead, TDW had 
to engineer and build a solution from scratch. They designed 
a gripping tool with spring-loaded arms that would snap into 
place on the bypass holes of the pig body, with a lance to 
install the tool and a hydraulic system to pull the pig out. A 
‘strong hold’ anchor point operation was installed a distance 
from the launcher quick opening closure to be attached to a 
pulling wire. To overcome limited visibility inside the launcher, 
engineers incorporated a camera system so they could see that 
the gripping tool remained engaged with the pig. 

The right force
Designing an effective recovery system was just a start, though. 
Engineers also had to determine the appropriate amount of 
recovery force for the operation. During pigging, the outer 
edges of the discs are folded backwards. To be able to pull the 
pig out requires putting enough pressure on the discs so they 
fold in the opposite direction, often referred to as ‘flipping 
pressure’. 

To accurately test the effect of various differential pressures 
on the pig’s sealing discs, TDW manufactured a replica test rig of 
the offshore pipeline, including the barred production tee, at the 
Stavanger facility. The operator furnished a Bi-Di pig identical to 
the one that had stalled.

After a series of recovery force tests, including one in which 
the pig stalled and another where the disc packs partially burst, 
engineers landed on the optimal force to use during retrieval. With 
that information in hand, they could feel confident manufacturing 
the recovery tool. To be certain it would work as intended, they 
conducted a retrieval test in the pipe replica using the same Bi-Di 
pig, now equipped with new discs. 

“The test enabled the engineering team to visually inspect 
and ensure the integrity of the recovery tool and pig body, and to 
monitor the force required for the recovery tool to pull the pig,” 
Craig said. “In addition, by recording the time it took to assemble 
the lance, engage the tool and retrieve the pig, TDW understood 
how to optimise procedures to limit downtime.”

All of the preparation paid off onsite. In fact, the actual 
retrieval time was just five hours. In less than a day shift, the TDW 
offshore team: 

 ) Assembled the lance and gripping tool and inserted them into 
the pipeline. 

 ) Locked the pig gripping tool in place in the pig’s bypass holes. 

 ) Hooked up the pulling wire. 

 ) Retrieved the pig from the launcher.

Isolation success
With the stalled pig safely removed from the pipeline, TDW 
isolation and intervention teams could mobilise for the SmartPlug 
operation, which would enable the successful replacement of the 
leaking valves without having to remove the pipeline’s entire gas 
content.

Inline isolation involves pigging an isolation tool to the desired 
position and establishing the isolation at the identified point. 
Existing pig traps and quick opening closures are used at the point 
of entry into the pipeline and the point of exit. 

The SmartPlug inline isolation tool provides full double-
block isolation. Broadly speaking, a barrier is deemed to be 
‘double’ when each plugging module can retain the full line 
pressure individually, it is tested and its integrity is monitored. 

Figure 5. Pulling lance attached to gripping tool.

Figure 4. Design of gripping tool interface with pig body.
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Each SmartPlug plug module is capable of full isolation of the 
pipeline, giving the tool 100% contingency. The SmartPlug isolation 
remained in place for six days. 

A clean sweep
With the stalled pig out of the way and fully functional pig trap 
valves in place, it was time to tackle the next phase of this multi-
faceted project: cleaning the pipeline.

Given that the line hadn’t been pigged in more than two 
years – and that the foam pigs the operator ran the last time 
returned significant amounts of debris – the TDW pigging team 
was concerned about the possibility of excessive buildup. A large 
accumulation of debris can be a threat to a conventional, one-
size-fits-all cleaning programme. It takes an engineering 
study to evaluate proper pig design and a piggability 
study to ensure the right approach and mitigate risk.

To avoid potential difficulties – including the 
possibility a cleaning pig would get stuck in the debris 
– TDW recommended progressive pigging. Just like it 
sounds, progressive pigging means launching a series of 
increasingly aggressive pigs. The process typically starts 
with low or medium-density foam pigs, then moves 
up the spectrum to hard-bodied pigs, often equipped 
with blades or wire brushes. The sequence avoids 
removing too much debris at once, which can affect 
pig performance, yet it’s highly effective at achieving 
the required cleanliness standard. 

In this case, TDW developed a new cleaning pig 
to fit the pipeline systems’ specific requirements, and 
to avoid a repeat of the original stalled pig scenario. 
Engineers reconfigured the proven Vantage® cleaning 
pig with RealSeal® cups. The cups would provide a 
tight seal inside the pipeline, and help the 
pig maintain a low differential pressure as 
it travelled through the pipeline system, 
including through the production tee where 
the Bi-Di pig had stalled. Adjustable bypass 
was incorporated with jetting nozzles to 
prevent debris build up in front of the pig. 
The use of adjustable bypass created the 
ideal amount of turbulent flow in front 
of the pig during each Vantage pig run. 
The Vantage pig was equipped with the 
SmartTrackTM pig tracking system. Once 
cleaning was completed, the operator 
resumed their normal pigging protocols and 
could perform inline inspection (ILI). 

Checking all the boxes
While pigging is generally a routine operation, 
it’s not something that can ever be left to 
chance. In this case, launching a pig that 
wasn’t suited for the pipeline created repair 
delays, but it could have led to considerable 
financial losses. Through teamwork between 
the operator and TDW, including site visits, 
design reviews, and testing, TDW was able 
to optimise both the pig recovery tool and 

procedure. TDW helped avert the potential nightmare of the 
stalled pig moving farther into the pipeline, enabled efficient 
repair of leaking valves by use of SmartPlug isolation, and restored 
the system’s integrity – and did it all while the system remained 
pressurised. Compared to flaring, this saved about 15 630 t of 
CO2, or roughly the annual emissions produced by 3400 internal 
combustion engine passenger cars. 

After TDW performed progressive pigging, the pipeline was 
clean enough for ILI. Since then, the operator has made regular 
pigging with TDW pigging an essential part of its integrity plan. 
Ultimately, working with TDW enabled them to check off all the 
boxes on their to-do list for safety, efficiency, sustainability, and 
performance. 

Figure 7. The SmartPlug inline isolation tool was pigged to the set location, enabling the 
valve replacement project. 

Figure 6. Strong hold anchor point to attach the pulling wire.

DECEMBER 2022 /  World Pipelines   37




